Abstract -The effects of ethanol on cerebral y-aminobutyric acid (GABA)B receptor and its related signal transduction systems were studied. [
INTRODUCTION
y-Aminobutyric acid (GABA) is a major inhibitory neurotransmitter in the mammalian brain, and GABA receptors are divided into two subtypes, GABA A and GABA B , based on their pharmacological properties Hill and Bowery, 1981) . The GABA B receptor appears to be one of the metabotropic receptors and mediates the inhibition of adenylate cyclase activity (Wojcik and Neff, 1984) , inositol phosphate turnover (Crawford and Young, 1998; Ohmori and Kuriyama, 1989) and calcium influx (Holz et al., 1986) via the activation of receptor-coupled inhibitory GTP-binding protein (G protein) .
It is well known that continuous administration of ethanol produces tolerance and physical dependence (Ritzmann and Tabakoff, 1976; Kalant, 1985) as well as alteration of the functions of various neurotransmitters in the central nervous
•Author to whom correspondence should be addressed at: Second Department of Medicine, Kyoto Prefectural University of Medicine, Kawaramachi-Hirokoji, Kyoto 602, Japan. system (CNS) (Topel, 1986) . Ethanol is also known to have both hydrophilic and hydrophobic properties and these chemical characteristics are one of the basic factors in the induction of depression of nervous system functions. In particular, ethanol induces an increased fluidity of membrane (Goldstein and Chin, 1981) and subsequently changes membrane permeability. It is conceivable that ethanol could exert its effects on CNS neurons by altering the lipid characteristics and thus cause secondary changes in protein function. It is also conceivable that ethanol could directly influence the function of membrane proteins.
G proteins play key roles in signal transduction, including the coupling of hormone and neurotransmitter receptors to adenylate cyclase, ion channels and polyphosphoinositide metabolism. Recent investigations point to a selective effect of low concentrations of ethanol to promote the activation of G, and thus to enhance adenylate cyclase activity (Hoffman and Tabakoff, 1990) , though different cell types can respond to ethanol exposure in different ways.
Acute and chronic administration of ethanol is known to induce a variety of influences on GABAergic neurons in the brain. For example, it has been reported that ethanol induces an enhancement of GABA-dependent ^Cr influx (Suzdak et al., 1988; Mehta and Ticku, 1988; Ueha and Kuriyama, 1991a) . Furthermore, the suppressive effect of ethanol on functional coupling between the GABA A receptor and benzodiazepine receptors has also been reported (Ueha and Kuriyama, 19916) . On the other hand, it has been reported that [*H]GABA binding to GABA B receptors in cerebral crude synaptic membranes obtained from ethanol-treated mice and from mice withdrawn from ethanol showed significant increases in both high-and low-affinity sites (B^ax) (Mizutani et al., 1993) , though there are few reports so far concerning the effect of ethanol in vitro on the cerebral GABAB receptor system. In this study, we have investigated the effects of addition in vitro of ethanol on the functions of the GABA B receptor, G protein, and adenylate cyclase using rat cerebral cortex. 
MATERIALS AND METHODS

Materials
Preparation of crude synaptic membrane (P2) fraction
Crude synaptic membrane (P2) fraction was prepared from the rat cerebrum according to the method of Zukin et al. (1974) . In brief, the rat cerebrum was homogenized in 15 volumes of icecold 0.32 M sucrose using a Teflon homogenizer. The homogenate was centrifuged for 10 min at 1000 g to obtain the supernatant, which was further centrifuged for 20 min at 20 000 g. The resulting pellet was dispersed in ice-cold distilled water and centrifuged for 20 min at 8000 g. The supernatant and the upper layer of pellet were combined and then centrifuged for 20 min at 48 000 g. The pellet thus obtained was washed three times with ice-cold 50 mM Tris-HC1 buffer (pH 7.4) and stored at -80°C. The frozen pellet was thawed, suspended in 50 mM Tris-HCl buffer (pH7.4), and centrifuged for 20 min at 48 000 g before each use. The resulting pellet was suspended with 50 mM Tris-HCl buffer and used for the assay of GABA B receptor binding.
Preparation of membrane vesicle fraction
Membrane vesicles were prepared from rat cerebrum by a modification of the method of Obata and Yamamura (1986) . In brief, rat cerebrum was homogenized using a glass homogenizer in 10 vol. of ice-cold Krebs-Ringer bicarbonate buffer (pH 7.4). The homogenate was centrifuged twice at 1000 g for 15 min at 4°C. The final pellet thus obtained was resuspended in the same buffer and used for the measurement of cAMP accumulation.
Measurement of GABA B receptor binding
Binding to the GABAB receptor was measured as described by Ohmori et al. (1990) . In brief, crude synaptic membrane (P2) suspensions (0.7 ml; protein concentration 700 ng) were incubated with 50 mM Tris-HCl buffer containing 5 mM CaCl 2 , 0.5 mM MgSO 4 ,100 nM bicuculline (added to exclude the binding to the GABA A site), various concentrations of ethanol, and 4 nM [ 3 H]GABA at 2°C for 60 min. The incubation was terminated by filtrating under vacuum through a Whatman GF/B glass filter and then the filter was rinsed twice with 3 ml of ice-cold 50 mM Tris-HCl buffer. The radioactivity trapped on each filter was measured by liquid scintillation spectrometry at a counting efficiency of 40-50%. The specific binding of 
Measurement of cyclic AMP accumulation
The accumulation in vitro of cAMP was measured by a modification of the method of Suzdak and Gianutsos (1986) . In brief, a rat was decapitated and the cerebral cortex was dissected. The membrane vesicles obtained from this were preincubated in Krebs-Ringer bicarbonate buffer at 37°C for 30 min with constant aeration (95% 02-5% CO 2 ). The incubation buffer was exchanged with a fresh buffer containing 0.6 mM isobutylmethylxanthine and 5 mM theophylline, by guest on September 27, 2016 Downloaded from and the slices were incubated for a further 10 min, followed by the addition of forskolin, isoproterenol, Gpp(NH)p, baclofen and/or ethanol, and then further incubated for 15 min. The tissue was boiled at 100°C for 5 min in order to terminate the reaction, homogenized and then centrifuged. The cAMP in the resulting supernatant was measured by a commercially available RJA kit (Amersham), based on the displacement of [ 125 I]cAMP.
Treatment of membranes with islet-activating protein (LAP)
Treatment of membranes with LAP was carried out essentially as described by Katada and Ui (1982) . Membrane vesicles were incubated in Krebs-Ringer bicarbonate buffer (pH 7.4) containing 0.6 mM isobutylmethylxanthine and 5 mM theophylline, 1 mM NAD + , and LAP (4 ug/mg protein; 3 mg/ml) at 30°C for 30 min. During the incubation, 1 mM NAD + was added to the reaction mixture every 10 min, and incubated for a further 10 min, followed by the addition of 10 uM forskolin, 1 mM baclofen, and 100 mM ethanol. The tissue was then boiled in order to terminate the reaction and the cAMP content was measured by the procedure described above.
Treatment of membrane vesicles with low pH
Treatment of membranes with low pH was carried out essentially as described by Childers and LaRiviere (1984) . Membrane vesicles were incubated in Krebs-Ringer bicarbonate buffer (pH 7.4) containing 0.6 mM isobutylmethylxanthine and 5 mM theophylline at 37°C for 30 min, and the incubation buffer was exchanged to 15 vol. of pH 4.5 buffer (50 mM sodium acetate, pH 4.5, containing 1 mM dithiothreitol). Membranes were incubated at 2°C for 15 min and the adenylate cyclase assay was performed using these membranes by the procedure described above.
Measurement of protein
Proteins were determined by the method of Lowry et al. (1951) using bovine serum albumin as a standard.
Data analysis
Data were analysed by followed by Student's Mest. (Fig. 1) . This result suggests that an anaesthetic dose of ethanol does not affect the GABA B receptor itself.
RESULTS
Effect of ethanol on
Effect of ethanol on cAMP accumulation in membrane vesicles from rat cerebral cortex
Ethanol suppressed not only the basal, but also the forskolin-stimulated cAMP formation in cerebral cortical membrane vesicles in a dosedependent manner (Figs 2 and 3 ). 100 mM ethanol, which did not affect the [ 3 H]GABA binding to the GABA B receptor (Fig. 1) , did inhibit cAMP accumulation (Figs 2 and 3) , suggesting a direct action on the intracellular biosignalling system. 
Effect of ethanol on baclofen-inhibited cAMP formation in membrane vesicles from rat cerebral cortex
The suppressive effect of baclofen, a GABA B receptor agonist, and the stimulatory effect of forskolin on cAMP accumulation were also found to be unaltered by 100 mM ethanol (Fig. 4) . These results suggest that ethanol does not affect the inhibitory effect of baclofen via GABA B receptor.
Inhibitory effect of baclofen on forskolinstimulated cAMP accumulation in membrane vesicles from rat cerebral cortex in the presence and absence of ethanol
Baclofen inhibited the forskolin-stimulated cAMP formation in a dose-dependent manner regardless of the presence of ethanol and there was no significant difference between the two groups (data not shown).
Effect of ethanol on forskolin-stimulated cAMP accumulation in membrane vesicles from rat cerebral cortex
Forskolin stimulated the cAMP formation in a dose-dependent manner regardless of the presence of ethanol. The stimulatory effect was statistically the same between the two groups (data not shown). These results indicate that 100 mM ethanol may not directly affect the catalytic unit of adenylate cyclase. 
Effect of ethanol on forskolin-stimulated cAMP accumulation in LAP-pretreated membrane vesicles from rat cerebral cortex
The pretreatment of membrane vesicles with LAP, which eliminates the function of Gi protein by its ribosylation, had no effect on the suppressive effects of ethanol on the basal and forskolinstimulated cAMP formations, though the inhibitory effect of baclofen on cAMP accumulation was weakened in the IAP-pretreated group (Fig.  5 ). These results suggest that 100 mM ethanol may not affect the functions of GJG O protein. 
Specific
Effect of low pH treatment on isoproterenol and Gpp(NH)p-stimulated cAMP accumulations in membrane vesicles from rat cerebral cortex
The stimulatory effects of isoproterenol, â -receptor agonist, and Gpp(NH)p on cAMP accumulation were abolished when the membrane vesicles were pretreated with low pH (Fig. 6) .
Effect of ethanol on cAMP accumulation in low pH pretreated membrane vesicles from rat cerebral cortex
The inhibitory effect of ethanol on cAMP accumulation was abolished when the membrane vesicles were pretreated with low pH (Fig. 7) . These results suggest that 100 mM ethanol suppresses cAMP formation systems which are coupled with G s protein. 
DISCUSSION
In the present study, the effect of ethanol on GABA B receptor functions has been investigated for possible alterations in receptor binding and cAMP accumulation in crude synaptic membrane and membrane vesicles from rat brain.
Although the functional changes in the cerebral GABA A receptor complex following ethanol administration have been investigated in detail (Linnoila et al., 1981; Suzdak et al., 1988; Mehta and Ticku, 1988; Ueha and Kuriyama, 1991a, b) , the role of cerebral GABAB receptors in the central actions of ethanol has not been well characterized. Our results suggest that an anaesthetic dose of ethanol does not affect GABA B receptor itself, though higher concentrations inhibited the receptor binding.
Progress in determining the mechanism of the interaction of ethanol with adenylate cyclase and with G proteins has come mainly from studies in vitro of intact cells and/or cell-free preparations of brain. The results of these studies have demonstrated that, in cerebral cortical tissue, a primary site of action of ethanol within the receptorcoupled adenylate cyclase system is G s , the stimulatory guanine nucleotide binding protein, and ethanol appears to alter the rate of activation of G 5 and to enhance the interaction of a, with guanine nucleotides (Hoffman and Tabakoff, 1990) . Studies of ethanol-adenylate cyclase biteractions in cultured cells have for the most part supported the findings from the experiments using mouse brain membrane preparations described above. For example, ethanol at 75-100 mM increased basal, and to a great extent, guanine nucleotide-and fluoride-stimulated adenylate cyclase activity, in membrane preparations of wild-type (WT) 2 S49 lymphoma cells as well as in preparations from the mutant Unc (in which G, and adenylate cyclase are not coupled to the /?-adrenergic receptor) (Rabin and Molinoff, 1983) . The results shown in our present study are not in agreement with earlier observations (Tabakoff and Hoffman, 1979; Luthin and Tabakoff, 1984; Saito et al., 1985; Molinoff, 1981, 1983 ) of ethanol-induced increases in the activity of adenylate cyclase from mouse brain. Our results demonstrate that using the membrane vesicles obtained from rat cerebral cortex, ethanol inhibits the cAMP formation via suppressing the function of G s protein. The mechanism of this discrepancy may involve species differences.
Salsolinol, a condensation product of acetaldehyde with dopamine, and also acetaldehyde itself, are known to facilitate and reduce [ 3 H]flunitrazepam binding to cerebral benzodiazepine receptors, respectively (Kuriyama et al., 1987) . However, it has not been reported so far that they directly affect intracellular signal transduction systems and our results seem to be specific to ethanol.
The striking example of the selectivity of ethanol's effects on signal transduction mechanisms in the CNS, which we have demonstrated, is the observation that ethanol has no effect on Gj. Direct evidence that ethanol does not act via Gj was also obtained in studies of WT and cyc~ S49 cells, in which ethanol-induced inhibition of forskolin-stimulated adenylate cyclase activity (which had been observed in a murine neuroblastoma clone at high concentrations of ethanol) (Stenstrom et al., 1985) was not affected by treatment of cells with pertussis toxin, a treatment that blocks the inhibition of forskolin-stimulated adenylate cyclase by guanine nucleotides (Bode and Molinoff, 1988) .
In summary, the results of the present study support the postulate that an anaesthetic dose of ethanol produces alterations in the properties and function of G t , while having no effect on Gi/G o by guest on September 27, 2016
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proteins. This alteration seems likely to be related to anaesthesia.
